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Protective effect of thymoquinone
against lung intoxication induced
by malathion inhalation

Walied Abdo?, Mostafa A. Elmadawy?, Ehab Yahya Abdelhiee®3, Mona A. Abdel-Kareem?*,
Amira Farag“, Mohamed Aboubakr®®, Emad Ghazy® & Sabreen E. Fadl®7*

Malathion is considered one of the vastest pesticides use all over the world. Malathion-inhalation
toxicity commonly occurred in many occupational farmers. Therefore, this study aimed to ameliorate
the possible malathion-induced pulmonary toxicity through thymoquinone administration. Forty
animals were used to conduct our study, divided into five groups; G1 control group, G2 thymoquinone
(50 mg/kg) group, G3 malathion group (animals inhaled 100 mg/ml/m?3 for 15 min for 5 days/week

for three weeks), G4 and G5 were subjected to the same malathion inhalation protocol beside oral
thymoquinone administration at doses of 25 and 50 (mg/kg), respectively. Malathion-inhalation
induced marked systemic toxicity as hepatotoxicity and nephrotoxicity associated with increased
serum hepatic and renal enzymes, and hypersensitivity accompanied with increased total IgE serum
level. The lung showed severe interstitial pneumonia associated with severe vascular damage and
marked eosinophil infiltration. Moreover, the lung showed a marked decrease in the pulmonary
surfactant protein, especially SP-D gene expression. While, thymoquinone treatment to malathion-
inhaled animals decremented the following; hepatic enzymes and renal function tests, total IgE as
well as pneumonia and hypersensitivity pathological features, and augmented the expression of
SP-D. In conclusion, thymoquinone could be potentially used in pest control workers to ameliorate the
systemic and pulmonary intoxication caused by one of the most field-used pesticides.

In agriculture, pesticides have been used in the eradication of insects and controlling vectors of the diseases'.
About three million poisoning cases and more than 250,000 deaths occur due to pesticides every year?, where
the most common pesticides are organophosphates. Organophosphates pesticides (OPs) lead to environmen-
tal pollution, causing great public concern'. Moreover, some OPs can be detected as residue in the soil, food,
and food products’. So, the human body exposes to pesticides in three ways; dermal and oral in all humans or
inhalation by agriculture workers, especially in countries that do not use pesticide safety measures*. When toxic
amounts of OPs are inhaled, their first symptoms are usually a respiratory system with a bloody or runny nose,
and wheezing in bronchial tubes because of constriction or excess of fluid®. The frequently and widely used
organophosphate is malathion (S-1,2(bis-ethoxycarbonyl)ethyl-O,O-di-methyl phosphorodithioate) with high
toxicity! . Depending on the above-mentioned information, the metabolic and pathological adverse effects of
malathion inhalation were studied in rats. Where Ruckmani et al.” reported that malathion inhalation adversely
affects blood glucose. On the other hand, Hectors et al.?, Rezg et al.?, and Beard et al.'® recorded its adverse effects
on the metabolism of carbohydrate and lipid, immune, and nervous systems. Malathion adversely affects the
liver, kidney, and hematological parameters'!. Histopathologically, malathion increases alveolar macrophages
and interstitial neutrophil infiltration and minimal fibrosis'.

Thymoquinone (TQ) is the primary ingredient (approximately 30-40%) of black seed oil (Nigella sativa) '2,
and is a bioactive monomer, chemically is 2-methyl-5-isopropyl-1, 4-benzoquinone''*. N. sativa is a plant com-
monly used for the treatment of various diseases, such as high blood sugar levels, asthma, and eczema in Arabian

!Pathology Department, Faculty of Veterinary Medicine, Kafrelsheikh University, Kafr Elsheikh 33516,
Egypt. 2Forensic Medicine and Toxicology Department, Faculty of Veterinary Medicine, Kafrelsheikh University,
Kafr Elsheikh 33516, Egypt. 3Forensic Medicine and Toxicology Department, Faculty of Veterinary Medicine,
Matrouh University, Matrouh, Egypt. “Anatomy and Embryology Department, Faculty of Medicine, Kafrelsheikh
University, Kafr Elsheikh 33516, Egypt. *Department of Pharmacology, Faculty of Veterinary Medicine, Banha
University, 13736 Moshtohor, Toukh, Qaliobiya, Egypt. éClinical Pathology Department, Faculty of Veterinary
Medicine, Kafrelsheikh University, Kafr Elsheikh 33516, Egypt. 'Biochemistry Department, Faculty of Veterinary
Medicine, Matrouh University, Matrouh, Egypt. *email: nourmallak@yahoo.com

Scientific Reports |

(2021) 11:2498 | https://doi.org/10.1038/s41598-021-82083-w nature research


http://orcid.org/0000-0002-2276-877X
http://orcid.org/0000-0003-1719-4844
http://orcid.org/0000-0001-5541-6159
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-021-82083-w&domain=pdf

www.nature.com/scientificreports/

TQ=Thymoquinone
M= Malathion
MTQ=Thymoquinone
+ Malathion

Experimental Design

G 1: Control
Normal Air

’ Parameters

Hematological + Leukogram

Male Albino Rat M air inhalation + 25
ug/kg b.wt orally

G2:TQ =+  Liver damage through ALT and AST
50 mg /kg b.wt orally

Renal Damage through urea and

! creatinine
G3:M ]
Air inhalation 21
\ days

G4: MTQ25 \’/

— ISE

Gene expression of the lung tissue

N=40 ‘ﬁ, —-
— Pathological lesion of the lung
G5: MTQ50
M air inhalation + 50
ug/kg b.wt orally

Figure 1. Protocol of the experiment.

countries’. TQ characteristic in modern pharmacology varies as it contains active Quinone and has a range of
therapeutics effects through anti-inflammatory and analgesic activities '°. Also, Abdel-Daim et al.'” reported that
TQ enhances the biochemical and oxidative impacts of malathion, likely by reducing reactive oxygen and nitro-
gen radicals. Despite current research with animals, it is difficult to predict the degree that pesticide exposure by
inhalation affects humans because the rats are resistant rather than human. This protocol examined the possible
protective role of different doses of TQ against pulmonary, renal, and hepatic toxicity of malathion inhalation
in rats through estimation of some serum biomarkers, pathology, gene expression, and immunohistochemistry.

Material and methods

Chemicals. Malathion (high technical grade of 98% active ingredient was obtained from El- Nasr Co. for
Intermediate Chemicals (Abou Rawash, Giza, Egypt), and thymoquinone from Sigma Al-drich Co., USA (CAS
Number 490-91-5; purity 298%). All biochemical analysis kits were purchased from Biodiagnostics Company
(Dokki, Giza, Egypt).

Animals and experimental protocols. Forty Sprague-Dawley male rats (220-250 g) were purchased
from the laboratory animal house, Faculty of Agriculture, Kafrelsheikh University. Laboratory animals were
housed in plastic cages in an air-conditioned room with a 12 h dark/light cycle and temperature 25+2 °C and
received standard laboratory balanced commercial diet and water ad libitum. The rats were kept for one week
(adaptation period) before starting the experiment. The adapted laboratory animals were divided into (Fig. 1)
five groups (8 rats per each group) as following; control group (G1) was given 1 ml of normal saline orally by
gastric tube and received vehicle distilled water aerosol, thymoquinone group (G2) was given 1 ml of thymoqui-
none solution at a dose (50 mg/kg) orally by gastric tube'® and received vehicle distilled water aerosol, malathion
group (G3) inhaled 1000 mg /m? (1/5 of inhalation LCs), (reference is Material Safety Data Sheet, Malathion
(2011) 500E, PCP # 4709. Dorchester, Ontario, Canada: Registration and Regulatory) for 15 min for 5 days/week
for three weeks) and administered 1 ml of normal saline through the oral route, and the other two groups (G4
and G5) were also inhaled malathion and then given thymoquinone orally at two levels of dosing 25 mg and
50 mg/kg body weight for G4 and G5, respectively. Control and sham groups had a separate cage to avoid pos-
sible residues of malathion due to routine successive use. All animal handling procedures are in agreement with
the ARRIVE guidelines from the National Center for the Replacement, Refinement, and Reduction of Animals
in Research (NC3Rs)" along the experimental period (21 days). The experimental protocol was accepted at
Kafrelsheikh University, Egypt, by the institutional animal care and use committee 33516.
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Gene Sequence (5'-3") References

Forward | ACTCATCACAGCCCACAACA
SP-D (Tian et al.?)
Reverse TCAGAACTCACAGATAACAAG

Forward | AAGTCCCTCACCCTCCCAAAAG
B-actin (El-Magd et al.**)
Reverse AAGCAATGCTGTCACCTTCCC

Table 1. Primers sequence used in our study. SP-Dsurfactant protein D, 3-actinbeta-actin.

Sample preparation for hematological and biochemical parameters. At the end of the protocol
(after 21 days), the rats were anesthetized by isoflurane then punctured retro-orbital plexus for collection of
blood samples. The blood samples were collected on an anticoagulant for hematological and leukogram estima-
tion. For serum biochemistry, the blood samples were collected without anticoagulant for serum separation.
Haemtological parameters were performed by automatic Exigo vet 400 coulter (Boule Diagnostics AB, Dom-
narvsgatan, Spanga, Sweden). The activities of the serum enzymes (alanine aminotransferase (ALT), aspartate
aminotransferase (AST), and alkaline phosphatase (ALP)) and serum concentration of urea and creatinine were
estimated spectrophotometrically according to the instructions of Bio-Diagnostic Company research kits (Giza,
Egypt). Meanwhile, the total IgE level was analyzed by a sandwich ELISA kits at 450 nm wavelength (CUSABIO
Technology LLC, Houston, TX 77054, United States).

The rats from different experimental groups were anesthetized by isoflurane and used for blood sample col-
lection then euthanized using an intraperitoneal injection of an overdose of pentobarbital anesthesia (300 mg/
kg). The remaining live rats were euthanized in strong bags by CO, suffocation. All dead rats and remnants of
samples and bedding material, were buried in the strict hygienically controlled properly constructed burial pit.

Histopathology. The lung samples of different animal groups were trimmed, fixed in neutral buffered for-
malin (10%), dehydrated, cleared, and embedded in paraffin wax. The hard paraffin blocks were sectioned to
make a ribbon of tissue (5-6 um thicknesses). The tissue ribbon was mounted on a water bath, fixed on a glass
slide, and further stained with hematoxylin and eosin (H&E)*. Histological examination was done using a Leica
microscope. The quantitative assessment of the histopathological lesions was estimated within the animals of dif-
ferent groups. The lesions score was estimated according to nine points divided equally on the vascular lesions,
pneumonia, and alveolar patency according to Yamanel et al.! with some modifications. The vascular lesions
varied from score 0, which revealed normal blood vessels, score 1 indicated congestion, score 2 indicated con-
gestion, oedema, and hemorrhage, and score 3 indicated all the previous findings with marked loss of the tunica
media of the blood vessels and extensive hemorrhage. Pneumonia score was assessed according to the following
criteria; score 0 indicated normal lung, score 1 indicated mild interstitial pneumonia with the absence of the
perivascular reaction, score 2 indicated a moderate degree of interstitial pneumonia with limited perivascular
inflammatory cells infiltration, and score 3 indicated marked interstitial pneumonia associated with the marked
perivascular reaction. The alveolar patency was classified into score 0 that indicated normal patent alveoli with
thin interalveolar septa lined with type I and II alveolar cells, score 1 indicated mild thickening of the alveolar
septa with patent alveoli, score 2 noted moderate thickening of the septa associated with decreasing the alveolar
spaces and score 3 that revealed marked thickening of the connective tissue septa with marked decrease and
sometimes showed focal obliteration of the alveoli.

Immunohistochemistry of C-KIT and survivin. Survivin immunohistochemistry was performed
according to Khalil et al.?2. In brief, the lung tissues were mounted on positively charged slides, rehydrated, and
then put in EDTA solution PH 8 for antigen retrieval. The slides were treated with 0.3% of hydrogen peroxide for
15 min and protein block solution for 30 min. The slides were then incubated with rabbit polyclonal C-KIT (Inv-
itrogen, Carlsbad, CA, Cat. No 34-8800, 1:50 dilution) and polyclonal survivin antibody (Novus Biological LLC,
Briarwood Avenue, Centennial, USA; Cat. No NB500-201; 1:400 dilution). The slides were rinsed three times
with PBS and then incubated with anti-rabbit IgG secondary antibodies for 30 min (EnVision + System HRP;
Dako). The slides were visualized with diaminobenzidine commercial kits (Liquid DAB + Substrate Chromogen
System; Dako) and counterstained with Mayer’s hematoxylin. The primary antibody was replaced by the normal
mouse serum as a negative control slide. The labeling index of survivin was expressed as the percent of positive
area/mm?2 using ImageJ analysis, NIH, USA.

Pulmonary surfactant protein D gene expression. The pulmonary tissue samples were collected from
5 laboratory animals from each group in clean Eppendorf tubes and stored at — 80 °C until used. RNA was
extracted from the pulmonary tissues using the Qiagen RNeasy Plus Mini kit. Then, RNA concentration in each
sample was detected by Nano Drop ND-1000 Spectrophotometer at 260 and 260/280 nm ratios (Nano Drop
Technologies, Wilmington, Delaware, USA). The cDNA was developed from the RNA samples using Maxima
First Strand cDNA Synthesis Kit (Thermo Fisher Scientific, USA). Amplification was done using the Thermo
Scientific MAXIA SYBR Green/ROXqPCR Master Mix (2x). Gene-specific PCR primers?** were designed as
mentioned in Table 1.
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Groups

Parameters Gl G2 G3 G4 G5

RBCs count (x 10%/pl) 7.25+0.74%® 7.54+0.29* 5.65+0.39¢ 6.54+0.26" 7.04£0.21®
Hb (g%) 14.56 +0.43% 15.04+0.52* 10.58 £0.55¢ 13.26 £0.49" 14.16+0.41%
HCT (%) 45.38+0.86% 46.34+1.47* 40.74£0.96¢ 43.04+0.43° 44.38 £0.58°
MCV (fl) 63.31+£0.78* 62.89+1.29° 72.26+1.69° 62.41+1.14* 63.14+1.07°
MCH (Pg) 19.51+0.51® 20.18+0.22% 16.01 £0.42¢ 18.56 +0.34" 20.01+£0.50*
MCHC (g/dl) 31.77+£0.36* 32.22+0.46* 25.81+£0.59¢ 30.14+0.40° 31.33+0.18%
PLT (x 10°/ul) 363.88+15.39° |370.25+10.36° | 267.75+13.57° | 329.88+10.99* | 351.50+19.40°

Table 2. Effect of thymoquinone supplementation and/or malathion inhalation on hemogram of rats.

Values are expressed as mean + standard errors. Means in the same row (a-b) with different subscript letters
significantly differ at (p <0.05). RBCsred blood cells, Hb hemoglobin, HCT hematocrit, MCV mean corpuscular
volume, MCH mean corpuscular hemoglobin, MCHC mean corpuscular hemoglobin concentration.

G1 =control group, G2 =thymoquinone group (50 mg/kg body weight), G3 =malathion group G4 = malathion
inhalation + thymoquinone 25 mg/kg body weight, and G5 = malathion inhalation + thymoquinone 50 mg/kg
body weight.

Groups

Parameters G1 G2 G3 G4 G5

WBCs count (x 103/pl) 9.68+1.36° 8.67+0.71° |26.84+2.18 |18.74+1.05° |15.17+1.88"

LYM % 66.16+5.33" | 69.75+5.53* | 32.78+3.00¢ | 50.84+10.09° | 62.92+5.30

MON % 3.5+0.49° 3.4+1.29° 81942528 | 5.11+0.62° 4.48+0.67
ESO % 2.98+0.92° 2.49+0.44> |10.43+8.11° | 529+0.79" 4,08+1.13°

BAS % 0.73+0.39cd | 0.56+£0.42¢ | 451+0.94* | 2.93+0.27° 1.25+0.46°

NEU % 26.64+5.62¢ | 23.80+526° |44.10+7.38* |35.84+10.23" |27.28+5.92¢

Table 3. Effect of thymoquinone supplementation and/or malathion inhalation on leukogram of rats.

Values are expressed as mean + standard errors. Means in the same row (a-b) with different subscript letters
significantly differ at (p <0.05). WBCswhite blood cells, LYM lymphocyte, MON monocyte, ESO eosinophil,
BASbasophil, NEUneutrophil. G1 = control group, G2 = thymoquinone group (50 mg/kg body weight),

G3 =malathion group G4 = malathion inhalation + thymoquinone 25 mg/kg body weight, and G5 =malathion
inhalation + thymoquinone 50 mg/kg body weight.

Statistical analysis. All values were expressed as mean + SD. The data were analyzed by one-way ANOVA
followed by Duncan’s post hoc test for multiple group comparisons using Graph Pad PRISM, software, La Jolla,
CA, USA. https://www.graphpad.com. Variance was considered statistically significant when p<0.05.

Results

Hematological parameters. The results of the hemogram were statistically (P <0.05) decreased in RBCs
count, Hb, HCT, MCV, MCH, MCHC, and PLT in the G3 group as a result of malathion inhalation compared to
other groups (Table 2). Moreover, the above-mentioned parameters were improved with two levels of TQ sup-
plementation in the malathion inhaled rats (G4 and G5) nearly to normal (G1). On the other hand, TQ alone
not affect hemogram when compared with the control group (G1).

Leukogram of the blood. Regarding the result of WBCs, there was a statistically increase in WBCs count
in the G3 group compared to other groups (P <0.05). The leukogram demonstrated a noticeable decrease of LYM
and an increase of MON, EOS, BAS, and NEU in the G3 group as a result of malathion inhalation compared
to the other groups (P<0.05) (Table 3). Meanwhile, the supplementation of TQ at a dose of 50 mg/kg in the
malathion inhaled rats improved rats’ leukogram where the results of the leukogram return to normal except
the result of WBCs was significantly (P <0.05) increased in G5 when compared with the control one. Moreover,
TQ at a low dose (25 mg/kg) in the malathion inhaled rats significantly (P <0.05) increased all parameters of the
leukogram except lymphocyte, which was significantly decreased when compared with the control group (G1).
On the other hand, TQ alone not affected leukogram when compared with the control group (G1).

Biochemical determination of the serum. The result of serum total IgE level was statistically increased
in the G3 group compared with other groups (P <0.05) (Table 4). Moreover, the supplementation of a low level of
TQ (25 mg/kg) in the malathion inhaled rats significantly increased serum IgE when compared with the control
group. Meanwhile, the high level of TQ in malathion inhaled rats insignificantly increased serum IgE when com-
pared with the control group. The effect of the serum biomarkers of the liver and kidney tissue damages showed
a significant (P <0.05) increased in the activities of AST, ALT, and ALP, and concentration of urea and creatinine
in the malathion group (G3). The adverse effects of malathion inhalation on immunity and serum biomarkers
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Groups

Parameters Gl G2 G3 G4 G5

IgE (ng/ml) 30.75+7.59 cd 28.13+6.83¢ 98.63+9.61° 56.38 £7.09" 45.38 £7.42¢
AST (U/L) 56.48 +1.49° 56.54+2.25¢ 113.65+3.08* 65.98 +4.55" 48.40£2.26°
ALT (U/L) 39.12+£1.97¢ 31.28+1.89¢ 85.22+4.33* 55.58+3.39° 39.35+1.76¢
ALP (U/L) 147.80+6.39 cd | 143.20+7.21¢ 232.00+6.32* | 186.60+4.68" | 164.80+5.79°
Urea (mg/dl) 25.99+2.04¢ 29.93+1.68cd | 59.08+3.95 44.60+2.81° 34.89+1.65°
Creatinine (mg/dl) 0.93+0.04¢ 0.94+0.06° 1.66+0.09* 1.3140.03° 1.17+0.05°

Table 4. Effect of thymoquinone supplementation and/or malathion inhalation on serum biochemistry of
rats. Values are expressed as mean + standard errors. Means in the same row (a-b) with different subscript
letters significantly differ at (p <0.05). AST aspartate aminotransferase, ALT alanine aminotransferase,
ALPalkaline phosphatase. G1 = control group, G2 =thymoquinone group (50 mg/kg body weight),

G3 =malathion group G4 = malathion inhalation + thymoquinone 25 mg/kg body weight, and G5=malathion
inhalation + thymoquinone 50 mg/kg body weight.

were improved by TQ supplementation in a dose-dependent manner (Table 4). On the other hand, TQ alone not
affected serum biomarkers of the liver and kidney damage when compared with the control group (G1).

Histopathological findings. The lungs of control animals showed normal alveoli and bronchi. Moreover,
the lungs of normal animals treated with thymoquinone revealed normal pulmonary tissues. The malathion
inhalation revealed severe pulmonary tissue injury. The main pathological feature was interstitial pneumo-
nia. The inflammatory lesions were mostly extended from perivascular to interalveolar interstitial tissues. The
blood vessels showed a marked decrease in the tunica media and endothelial cell hypertrophy associated with
perivascular oedema and hemorrhage. The perivascular areas showed marked inflammatory cell infiltration,
mostly eosinophils and mononuclear cells as lymphocytes and macrophages. The alveolar spaces were mark-
edly decreased associated with interstitial fibroplasia and hypertrophy, and hyperplasia of the pneumocyte type
2 cells. The bronchial tree showed the feature of catarrhal inflammation accompanied by severe desquamation
of the bronchial lining cells, regenerative hyperplasia of the lining epithelium, and peribronchial infiltration of
lymphocytes, macrophages, and with plenty of eosinophils and basophils. The diseased animals treated with
thymoquinone showed a marked decrease in the pneumonic and allergic features in a dose-dependent man-
ner. Malathion and a low dose of thymoquinone showed limited perivascular infiltration of inflammatory cells
mostly lymphocytes and macrophages. The interstitial reaction was also decreased with a marked increase in
the alveolar spaces. The high dose of the thymoquinone noted a marked decrease of perivascular and interstitial
reaction, and most of the alveoli and bronchi were patent without any noticeable inflammation. Quantitative
scoring of the histopathological lesions revealed a marked decrease in the lesion score in both thymoquinone-
treated groups (p<0.005) (Fig. 2).

The systemic pathological lesions induced by malathion inhalation upon the hepatic and renal tissues were
also evident as illustrated in Fig. 3. The liver of control and sham animals showed normal hepatocytes in a cord-
like manner around the central vein. The liver of the control group revealed a severe degree of diffuse hepatic
hydropic vacuolation accompanied by a focal area of coagulative necrosis. The malathion-inhaled rats revealed
a marked decrease of degenerative and necrotic changes in a dose-dependent manner. The kidney of control and
thymoquinone groups showed normal renal glomerular and tubular structures. Malathion group revealed marked
tubular degeneration associated with interstitial nephritis features with remarkable mononuclear inflammatory
cells infiltration mostly lymphocytes and macrophages. The diseased animals treated with thymoquinone revealed
a marked decrease in the tubulo-interstitial degenerative and inflammatory lesions in a dose-dependent manner.

Mast cell immunostaining. C-KIT (CD117) antibody was used for detection of mast cells within the pul-
monary tissues (Fig. 4). The control groups revealed a scanty number of mast cells. Group 3 showed a marked
presence of C-KIT positive mast cells, mostly peribronchial and perivascular in comparison with the control
group (P<0.001). Groups 4 and 5 demonstrated a marked decrease in the number of positive mast cells around
the airways and the blood vessels in comparison with group 3 (P<0.001).

Survivin immunohistochemistry. The survivin immunostaining of the lungs of the control animal
showed slight within the alveolar cells and moderate expression with the bronchial lining epithelium. A similar
reaction was noticed with the same group. In the lungs of malathion-inhaled animals, marked expression of sur-
vivin within the alveolar and bronchial lining epithelial cells consistent with the hypertrophied pneumocyte type
2 alveolar cells and the regenerative bronchial lining cells. Diseased animals treated with thymoquinone showed
amarked decrease in the percent of survivin immunostaining within the pulmonary tissues in a dose-dependent
manner in comparison with the malathion treated group (P <0.001) (Fig. 5).

Pulmonary mRNA SP-D expression. As shown in Fig. 6, SP-D expression was markedly decreased in
malathion inhaled animals in comparison with the control group (p<0.05). In comparison with malathion
groups, the diseased rats treated with thymoquinone showed a marked increase of SP-D gene expression within
the lung tissues, and marked elevation was noted in animals treated with a high dose of thymoquinone (p <0.005).
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Figure 2. Photomicrograph of the pulmonary sections of the different groups. (A) The lung of G1 and (B)

lung of G2 showing normal alveoli and bronchi. (C) Lung of G3 showing interstitial pneumonia associated with
perivascular inflammatory cells infiltration mostly eosinophils, BV indicates blood vessels revealing damage of
its wall. (D) Lung of G4 showing decrease both pneumonia and perivascular inflammatory cells infiltration. (E)
Lung of G5 showing thin alveolar septa and with marked increase the alveolar spaces. H&E stain bar =50 um.
(F) Quantitative lesion score showing marked decrease the pulmonary lesions, * indicates significe in comparing
with G3 (P <0.005) and # indicates significance in comparing with G4 (P <0.005).

Discussion

It is noteworthy that respiratory failure is the prime mover of deaths caused by acute OPs toxicity?’. Haemato-
logical blood profiles may provide valuable information on the organism’s internal environment?. In the present
study, malathion inhalation badly affected the blood hematology of the rats. These results are compatible with
Kanu et al.” and Ghazy et al.”® who reported that other OPs are associated with a significant decrease in the
hematological parameters, especially RBCs, hemoglobin, and platelet counts, and with a significant increase in
the WBCs count. Moreover, Ghazy et al.?® reported decreases in erythrocytes could be as a result of either direct
erythrocytes destruction by the pesticide or indirect through its bad effects on the bone marrow. Coles® stated
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Figure 3. Hepatic (A-E) and renal sections (F-J) of different treated groups. (A) Liver of control group (arrows indicate
normal hepatocytes); (B) liver of thymoquinone group (arrows indicate normal hepatocytes); (C) liver of malathion
group (arrows indicate severe hepatic vacuolation and arrowheads indicate focal area of coagulative necrosis); (D)

liver of malathion + thymoquinone (25 mg/kg) (arrows indicate marked decrease of hepatic vacuolation); (E) liver of
malathion + thymoquinone (50 mg/kg) (arrows indicate marked decrease of hepatic vacuolation), H&E, bar =50 pm.

(F) Kidney of control group (arrows indicate normal glomeruli and arrowheads show normal renal tubules); (G) kidney
of thymoquinone group (arrows indicate normal glomeruli and arrowheads show normal renal tubules); (H) kidney of
malathion group (arrows indicate focal interstitial lymphocytic infiltration and arrowheads indicate marked renal tubular
epithelium vacuolation); (I) kidney of malathion + thymoquinone 25 mg/kg (arrows indicate marked decrease of renal
degeneration); (J) kidney of malathion + thymoquinone (50 mg/kg) (arrowheads indicate marked decrease of renal tubular
epithelium vacuolation and arrow shows normal glomerulus), H&E, bar =50 pum.
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Figure 4. Photomicrograph of the pulmonary sections of the different groups immunostained with C-KIT
antibody. (A) The lung of G1 and (B) lung of G2 showing scarcely expression of C-KIT antibody within the
pulmonary tissues. (C) Lung of G3 showing numerous C-KIT positive mast cells (arrows). (D) Lung of G4
showing decrease of C-KIT positive mast cells. (E) Lung of G5 showing marked decrease C-KIT positive mast
cells, bar=50 pm. (F) Quantitative score of the number of C-KIT positive mast cells. ¥ indicates significance
in comparing with G1 (P <0.001), * indicates significance in comparison with G3 (P <0.001) and # indicates
significance in comparison with G4 (P <0.05).

that low packed cell volume promotes reticulocyte released from bone marrow, which increases the MCV. The
increment in the MCV and reduction in the MCHC post malathion exposure suggested either haemolytic or
hemorrhagic anemia. The obtained results suggested the incidence of macrocytic hypochromic anemia, Where
insecticide can initiated erythrocytes destruction as it enhanced the production of reactive oxygen species (ROS),
which had an unfavorable effect on erythrocytes membrane. Kalender et al.*® attributed the occurrence of macro-
cytic hypochromic anemia to either interference of the malathion with hemoglobin synthesis or reduction in the
RBC life span. The platelet count reduction may be caused by the bone marrow depression by free radicals, which
decrease PLT production or depress thrombopoiesis®'. These adverse effects on the hematological parameters
were greatly ameliorated by TQ supplementation. These results are consistent with Ghazy et al.?s, the alleviation
of anemia induced by diazinon toxicity by TQ administration. The improved hematological parameters may be
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Figure 5. Photomicrograph of the pulmonary sections of the different groups immunostained with surviving
antibody. (A) The lung of G1 and (B) lung of G2 showing mild expression of surviving within the alveolar
cells. Normal alveoli and bronchi. (C) Lung of G3 showing marked expression within the proliferated alveolar
cells mostly alveolar type II. (D) Lung of G4 showing decrease of survivin expression within the alveolar

cells. (E) Lung of G5 showing marked decrease of survivin expression within the alveolar cells, bar =50 um.
(F) Quantitative score of the percent of positive areas showing survivin expression. ¥ indicates significance

in comparing with G1 (P <0.005), * indicates significance in comparison with G3 (P <0.005) and # indicates
significance in comparison with G4 (P <0.005).

attributed to the ameliorative effect of TQ against free radicals caused by malathion inhalation****. Malathion
was also associated with the inflammation either directly through pro-inflammatory cytokines or subsequently
due to the production of the free radicals that leads to the formation of MDA, Inflammation was manifested
by a significant increase of leukogram in the malathion inhalation group. These results were correlated well with
the histopathology results that appeared by marked perivascular and peribronchial inflammatory cell infiltration.
This inflammatory process improved by TQ, which has anti-inflammatory properties®.

Liver damage as a result of toxicity or alterations in the membrane architecture of the liver cells can be diag-
nosed by measuring ALT and AST activities***’”. On the other hand, there are several parameters related to renal
diseases, most of them deliver information only when renal damage is well established, as is the case for serum
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Figure 6. Relative expression of SP-D within the lung tissues which decreased in G3 and markedly increased
in G4 and G5. Sign ¥ indicates significance in comparing with G1 (P <0.005) and sign * indicates significance in
comparison with G3 (P <0.005).

creatinine®®. The results of serum biomarkers of the liver and kidney tissue damaged were statistically affected by
malathion inhalation. These results may be attributed to the oxidative damage caused by malathion inhalation
on the liver and kidney tissues. These results are in agreement with Al-Attar® and Jabbar et al.** who reported a
significant increase in the serum activities of AST, ALT, and ALP and concentration of the urea and creatinine.
Moreover, Kanu et al.?” recorded the toxic effects of dichlorvos on the liver and kidney of the rats. Abouelghar
et al.! reported hematological and biochemical alterations induced by sub-acute exposure to the fipronil in albino
mice. These results were confirmed by the results of the liver and kidney histopathology. The histopathological
results of the hepatic and renal tissues as a result of malathion inhalation are constant with the result of Mamun
et al.*? in the mice. Moreover, Selmi et al.** reported severe damages in hepatic and renal tissue in prepubertal
male mice treated with malathion. Thus, malathion inhalation induced deterioration in the liver and kidney
function, which improved by TQ supplementation. This improvement may be a result of the antioxidant effect
of TQ*. These results are in harmony with El-Sheikh et al.** who reported that TQ has hepatorenal protection
against methotrexate-induced toxicity in the rats through antioxidant, anti-inflammatory, and anti-apoptotic
mechanisms. Moreover, Ghazy et al.”® reported the protective effect of TQ against the hepatotoxic effect of
diazinon in male rats. In addition, Aboubakr et al.*> and Farid et al.*® recorded the antioxidant protective effect
of the natural substances against tilmicosin and Carbon tetrachloride toxicity in the rats, respectively.

All the hematological results in malathion and/or TQ groups were co-related with the results of the histo-
pathology, immunohistochemistry, and gene expression in the lung tissues. The lung of the malathion group
showed bronchial and alveolar obliterative lesions associated with marked inflammatory cell infiltration either
peribronchial or interstitial. The interesting finding was the allergic features associated with inflammatory cell
infiltration as eosinophils and mast cells, macrophages, and lymphocytes. There was a great relationship between
the development of asthma and eosinophils infiltration, which may be associated with the production of cytokines
responsible for the development of type II sensitivity*’. Interestingly, malathion is increased basophils, activated
mast cell degranulation process, and potentiated macrophages*®. Moreover, it was noticed that most of the
pulmonary blood vessels showed atrophy and loss of the media and endothelial cells, respectively. This might
clarify the thrombotic activity of the organophosphorus compounds®. The adverse effect of the malathion
inhalation was mitigated by TQ supplementation in a dose-dependent manner. The present results are going
with Al-Gabri et al.*° that noticed that TQ alleviates the lipopolysaccharides-induced lung injury through the
reduction of inflammatory edema, thickening of interalveolar septa, hypertrophy of the smooth muscles around
the blood vessels and airways, and hyperplasia of the bronchial associated lymphoid tissue. Moreover, TQ has
potent anti-inflammatory, spasmolytic, and bronchodilator effects®. These explained to increase the pulmonary
alveolar spaces in diseased rats treated with TQ. Malathion was associated with marked regenerative hyperplastic
changes of type 2-alveolar epithelial cells. Most of the pulmonary toxicants are accompanied by hypertrophy and
hyperplasia of type 2 epithelial cells***. Where the survivin expression increased in the malathion inhalation
group. Survivin is a member of the inhibitor of apoptosis protein (IAP) family, regulates mitosis, and chromosome
segregation®**. Survivin is mostly undetectable in the normal adult differentiated tissues®® and highly expressed
in the undifferentiated cells as a notice in many human tumors®*%. Although, increase tissue damage may be
associated with suppression of antiapoptotic genes including survivin®*%. However, it was reported an interest-
ing dignity of the survivin expression associated with a chronic pulmonary injury, which mostly associated with
regenerated alveolar cells and infiltrated inflammatory cells. In addition, the results support the cytoprotection
role of the survivin against pulmonary>*-%.

Alveolar type II epithelial cells were the main source of different pulmonary surfactant SP-A, SP-B, SP-C,
and SP-D. There was a marked association of increased serum SP-D and progression of chronic obstructive
pulmonary disease (COPD), therefore, it has been committed as a biological indicator of COPD status®’. Mala-
thion group revealed a significant decrease of SP-D mRNA. While treatment of the diseased rats with TQ
markedly elevated the SP-D mRNA. It is noteworthy that SP-D acts allergy antagonist through decreased IgE
secretion, controlled cytokines produced by Th2, and decreased eosinophilia that mostly abrogates pulmonary
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inflammation®*%. From the aforementioned results, it had been concluded that chronic exposure of malathion
inhalation resulting in pulmonary lesions mimicked allergic pneumonia that associated with high serum IgE
level, eosinophils, and mast cell tissue infiltration, and low pulmonary surfactants. The administration of TQ
markedly ameliorated the malathion-induced pulmonary allergy and obstructive lesions. Therefore, thymoqui-
none administration could be beneficial for insecticides applicators in crop fields to season.

The current study was approved by the institutional animal care and use committee Kafrelsheikh University,
Egypt, 33516.
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